Two pseudopolymorphs of [2,5-bis(2-pyridyl)pyrazine]ferrocenyl(methyl)boron hexa¯uorophosphate have been determined at 173 K, namely the diethyl ether hemisolvate, [Fe(C 5 H 5 )(C 20 H 17 BN 4 )]PF 6 Á0.5C 4 H 10 O, (I), which forms red crystals with Z H = 1, and the acetonitrile hemisolvate, [Fe(C 5 H 5 )(C 20 H 17 BN 4 )]PF 6 Á0.5CH 3 CN, (II), which yields green±brown crystals with Z H = 2. Despite the different crystal packing, the cations in (I) and (II) are similar. The 2,5-bis(2pyridyl)pyrazine moiety is almost planar and displays bending along its long axis compared with free 2,5-bis(2-pyridyl)pyrazine. It is remarkable that both crystals were obtained from the same acetonitrile/diethyl ether solution.
Comment
Metal-containing polymers are of special interest in the development of new materials with important applications in the ®elds of molecular-based ferromagnets, synthetic metal conductors and non-linear optics (Nguyen et al., 1999; Bruce & O'Hare, 1992; Long, 1995; Oriol & Serrano, 1995) . One particularly successful approach was found to be coordination polymer synthesis employing multidentate ligands, which contain a delocalized %-system and are able to serve as bridges between transition metals. In this context, 2,5-bis(2-pyridyl)pyrazine (bppz) has already been used for the generation of various interesting supra-or nanomolecular species (Neels et al., 1995, and references therein) . Despite the high potential of this ligand, only a few X-ray crystal structure analyses of its complexes have been reported to date (Neels & Stoeckli-Evans, 1993; Neels et al., 1995; Neels, Stoeckli-Evans et al., 1997) . In the course of our work on metal-containing macromolecular aggregates, we developed a variant method of coordination polymer synthesis by coordinatively linking saturated building blocks (e.g. ferrocene) to nitrogen ligands via Lewis acidic boryl anchor groups (Ja È kle et al., 1995) . In previous studies, we have prepared a charge-transfer polymer (Fontani et al., 1998) , as well as electron storage systems (de Biani, Gmeinwieser et al., 1997) , by combining borylated ferrocenes with pyrazine and 2,2 H -bipyridine, respectively. This paper reports on the X-ray crystal structure determination of [2,5-bis(2-pyridyl) pyrazine]ferrocenyl(methyl)boron, consisting of monoborylated ferrocene and the Lewis base bppz, which contains 2,2 H -bipyridine and pyrazine functionalities. The air-and moisture-stable title compound can conveniently be prepared by treating monoborylated ferrocene with an equimolar amount of bppz (see Experimental). [2,5-Bis(2pyridyl)pyrazine]ferrocenyl(methyl)boron, which still supplies two Lewis basic nitrogen centres, is a promising redox-active chelating ligand to transition metals, similar to ferrocenebased tris(1-pyrazolyl)borates reported earlier by our group (Ja È kle et al., 1996; de Biani, Ja È kle et al., 1997) . Gas-phase diffusion of diethyl ether into an acetonitrile solution of the title compound afforded single crystals of two different compositions and colours (red and green±brown). The red crystals, (I), were found to be ether clathrates containing only one complex in the asymmetric unit. The green±brown crystals, (II), on the other hand, feature two crystallographically independent molecules, (IIa) and (IIb), together with one equivalent of acetonitrile in the asymmetric unit.
A comparison of (I) and (II) reveals that despite the different crystal structures, the geometry of the cation does not change markedly. A least-squares ®t of all non-H atoms of (I) with (IIa) and (IIb) (r.m.s. deviation = 0.28 and 0.17 A Ê , respectively) shows that the different environment does not induce a signi®cant change in the molecular framework. Thus, only (I) is explicitly discussed and the corresponding values of (II) can be found in Table 2 . Plots of the cation of (I), (IIa) and (IIb) are presented in Figs. 1(a), 1(b) and 1(c). It contains a tetra-coordinated B atom possessing a distorted tetrahedral geometry with an N21ÐB1ÐN31 bite angle of 94.3 (4) . The bond lengths between boron and the two N atoms are almost equal within experimental error. The ®ve-membered ring consisting of B1, N21, C22, N31 and C32 is almost planar [r.m.s. deviation = 0.015, 0.001 and 0.008 A Ê in (I), (IIa) and (IIb), respectively] and forms a dihedral angle of 74.6 (2) [(IIa) 74.0 (2) and (IIb) 71.6 (2) ] with the plane of the substituted cyclopentadienyl ring (C11±C15). The complexation of B1 by N21 and N31 leads to decreased bond angles at C22 and C32 in the newly formed ®ve-membered ring and to a severe distortion of the chelating bppz ligand shown by the angle between the vectors C22ÐC25 and C32ÐC35 which is 20.3 (5) in (I) and (IIa), 20.5 (5) in (IIb), but 0 in free bppz. The bppz ligand is almost planar in (I), with the two pyridine rings tilted by only 5.2 (2) [(IIa) 3.9 (1) and (IIb) 3.5 (1) ] (N21±C26) and 4.9 (2) [(IIa) 8.1 (1) and (IIb) 10.6 (1) ] (N41±C46) with respect to the pyrazine moiety and similar to the binuclear Ni II ±bppz complex (5.4 and 3.8 , respectively; Neels, Neels et al., 1997) . In the free bppz ligand (Neels & Stoeckli-Evans, 1993) , which is centrosymmetric, the angle between the central pyrazine and the pyridine rings is 7.9 .
In the centrosymmetric Mn II , Fe II and Cu II binuclear complexes of bppz, the corresponding dihedral angles were found to be 2.9, 4.0 and 9.2 , respectively (Neels & Stoeckli-Evans, 1993) .
Experimental
A toluene (10 ml) solution of FcBMeBr [Fc = ( 5 -C 5 H 5 )Fe( 5 -C 5 H 4 )] (0.29 g, 1.00 mmol) was added dropwise with stirring at room temperature to a solution of bppz (0.23 g, 1.00 mmol) in toluene (60 ml). The mixture instantaneously turned a green±blue colour, and a blue precipitate formed immediately. The slurry was stirred for 3 h, ®ltered, triturated with hexane (3 Â 20 ml), and dried in vacuo. The resulting material was dissolved in water (50 ml) and the clear green solution was added dropwise at room temperature to an aqueous solution of NH 4 PF 6 (0.33 g, 2.00 mmol), whereupon the title compound precipitated quantitatively. Deep-red X-ray-quality crystals of (I) were grown by layering its acetonitrile solution with diethyl ether [yield 0.51 g (86%)]. A second crop consisting of green±brown crystals of (II) precipitated from the same solution. 
Compound (I)
All H atoms, except those of the disordered solvent, were located by difference Fourier synthesis and treated as riding, with U(H) = 1.5U eq (C methyl ) or U(H) = 1.2U eq (C) and with CÐH aromatic = 0.95 A Ê and CÐH methyl = 0.98 A Ê . One of the hexa¯uorophosphate anions of (II) is disordered. The ratio of the site-occupation factors of the F atoms re®ned to 0.57 (1)/0.43 (1). Bond lengths and angles of the disordered F atoms were restrained to have the same values as those in the ordered PF À 6 anion. For both compounds, data collection: SMART (Siemens, 1995); cell re®nement: SMART; data reduction: SAINT (Siemens, 1995); program(s) used to solve structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: XP in SHELXTL-Plus (Sheldrick, 1991). Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
0.1854 (7) 0.5479 (6) 
0.041 (4) 0.061 (5) 
116.1 (5) C53-C52-Fe1 69.1 (4) C43-C42-C35 120.7 (5) C51-C52-Fe1 69.0 (4) C44-C43-C42 117.9 (6) C54-C53-C52 108.8 (7) C45-C44-C43 119.6 (6) C54-C53-Fe1 70.0 (4) C44-C45-C46 118.5 (6) C52-C53-Fe1 71.1 (4) N41-C46-C45 123.8 (6) C53-C54-C55 108.7 (7) C54-Fe1-C13 104.2 (3) C53-C54-Fe1 70.4 (4) C54-Fe1-C53 39.6 (3) C55-C54-Fe1 70.1 (4) C13-Fe1-C53 121.6 (3) C51-C55-C54 107.0 (7) C54-Fe1-C51 67.9 (3) C51-C55-Fe1 69.6 (4)
−174.5 (5) C51-Fe1-C15-C14 161.8 (4) C36-N31-C32-C22 178.7 (5) C55-Fe1-C15-C14 −158.3 (10) B1-N31-C32-C22 4.1 (7) C12-Fe1-C15-C14 −82.6 (4) N21-C22-C32-N31 −3.5 (7) C52-Fe1-C15-C14 119.2 (4) C23-C22-C32-N31 175.9 (6) C11-Fe1-C15-C14 −121.2 (5) N21-C22-C32-C33 174.9 (6) C54-Fe1-C15-C11 159.9 (6) C23-C22-C32-C33 −5.7 (11) C13-Fe1-C15-C11 82.7 (4) N31-C32-C33-N34 0.6 (9)
172.5 (5) C54-Fe1-C51-C52 79.9 (5) N34-C35-C36-N31 1.9 (8) C13-Fe1-C51-C52 154.8 (6) C42-C35-C36-N31 −177.6 (5) C53-Fe1-C51-C52 37.0 (4) C46-N41-C42-C43 1.0 (9) C55-Fe1-C51-C52 118.1 (6) C46-N41-C42-C35 −179.9 (5) C12-Fe1-C51-C52 −164.1 (4) N34-C35-C42-N41 177.0 (5) C14-Fe1-C51-C52 −33.9 (11) 
82.1 (4) C12-Fe1-C52-C51 41.4 (10) C54-Fe1-C11-C12 −34.8 (10) C14-Fe1-C52-C51 168.5 (4) C13-Fe1-C11-C12 37.0 (4) C15-Fe1-C52-C51 124.9 (4) C53-Fe1-C11-C12 161.2 (7) C11-Fe1-C52-C51 81.0 (5) C51-Fe1-C11-C12 −117.1 (4) C51-C52-C53-C54 −1.7 (8) C55-Fe1-C11-C12 −73.9 (5) Fe1-C52-C53-C54 −60.0 (5) C14-Fe1-C11-C12 81.2 (4) C51-C52-C53-Fe1 58.3 (5) C15-Fe1-C11-C12 117.7 (5) C13-Fe1-C53-C54 −73.0 (5) C52-Fe1-C11-C12 −160.2 (4) C51-Fe1-C53-C54 81.9 (5) C54-Fe1-C11-B1 84.6 (10) C55-Fe1-C53-C54 37.8 (5)
58.8 (4) C15-Fe1-C53-C52 84.9 (5) B1-C11-C12-Fe1 −127.3 (5) C11-Fe1-C53-C52 52.8 (9) supporting information sup-9 . C57, 162-164
−173.7 (7) C54-Fe1-C55-C51 118.3 (7) C11-Fe1-C13-C12 −37.1 (3) C13-Fe1-C55-C51 −163.8 (4) C54-Fe1-C13-C14 −116.6 (4) C53-Fe1-C55-C51 81.3 (5) C53-Fe1-C13-C14 −77.6 (5) C12-Fe1-C55-C51 −121.0 (4) C51-Fe1-C13-C14 176.1 (6) C14-Fe1-C55-C51 161.9 (6) C55-Fe1-C13-C14 −157.6 (4) C15-Fe1-C55-C51 −50.6 (12) C12-Fe1-C13-C14 118.8 (5) C52-Fe1-C55-C51 38.1 (4) C15-Fe1-C13-C14 37.8 (3) C11-Fe1-C55-C51 −79.8 (5) C52-Fe1-C13-C14 −54.9 (9) C13-Fe1-C55-C54 77.9 (5) C11-Fe1-C13-C14 81.7 (4) C53-Fe1-C55-C54 −36.9 (5) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. B1-N21 1.622 (7) P1A-F4B 1.599 (11) B1-N31 1.598 (7) P1A-F6A 1.613 (8) C11-C15 1.427 (7) P1A-F2A 1.611 (9) C11-C12 1.436 (7) P1A-F5B 1.670 (10) C12-C13 1.418 (7) C11A-C12A 1.445 (7) C13-C14 1.404 (7) C11A-C15A 1.449 (7) C14-C15 1.422 (7) C12A-C13A 1.420 (8) N21-C26 1.354 (6) C13A-C14A 1.412 (8) N21-C22 1.357 (6) C14A-C15A 1.418 (7) C22-C23 1.377 (7) N21A-C26A 1.335 (7) C22-C32 1.452 (7) N21A-C22A 1.358 (7) C23-C24 1.379 (7) C22A-C23A 1.385 (8) C24-C25 1.380 (8) C22A-C32A 1.455 (8) C25-C26 1.381 (7) C23A-C24A 1.381 (8) N31-C36 1.331 (6) C24A-C25A 1.366 (8) N31-C32 1.343 (6) C25A-C26A 1.377 (8) C32-C33 1.393 (7) N31A-C36A 1.319 (7) C33-N34 1.325 (6) N31A-C32A 1.348 (6) N34-C35 1.341 (6) C32A-C33A 1.395 (7) C35-C36 1.388 (7) C33A-N34A 1.314 (7) C35-C42 1.485 (7) N34A-C35A 1.350 (7) N41-C46 1.333 (7) C35A-C36A 1.394 (7) N41-C42 1.351 (7) C35A-C42A 1.479 (8) C42-C43 1.371 (7) N41A-C46A 1.335 (7) (10) C1-B1-N21 109.5 (4) C54A-Fe1A-C15A 122.7 (3) C1-B1-N31 112.0 (4) C13A-Fe1A-C15A 68.0 (2) C1-B1-C11 118.5 (5) C12A-Fe1A-C15A 67.9 (2) N21-B1-N31 93.4 (4) C14A-Fe1A-C55A 125.3 (3) C11-B1-N31 109.8 (4) C52A-Fe1A-C55A 68.0 (3) C11-B1-N21 110.9 (4) C53A-Fe1A-C55A 68.1 (3) N21-C22-C32 108.4 (4) C54A-Fe1A-C55A 40.4 (2) N31-C32-C22 110.1 (4) C13A-Fe1A-C55A 159.6 (3) C1A-B1A-N21A 109.5 (5) C12A-Fe1A-C55A 159.5 (3) C1A-B1A-N31A 113.5 (5) C15A-Fe1A-C55A 111.3 (3) C1A-B1A-C11A 119.6 (5) C14A-Fe1A-C51A 164.1 (3) sup-17 . C57, 162-164
N21A-B1A-N31A 94.1 (4) C52A-Fe1A-C51A 40.5 (3) C11A-B1A-N21A 110.2 (5) C53A-Fe1A-C51A 67.7 (3) C11A-B1A-N31A 106.8 (5) C54A-Fe1A-C51A 67.7 (3) N21A-C22A-C32A 108.7 (5) C13A-Fe1A-C51A 155.3 (3) N31A-C32A-C22A 110.0 (5) C12A-Fe1A-C51A 122.9 (3) F1-P1-F6 179.2 (2) C15A-Fe1A-C51A 129.3 (3) F1-P1-F2 90.4 (2) C55A-Fe1A-C51A 40.6 (3) F6-P1-F2 89.8 (2) C14A-Fe1A-C11A 69.5 (2) F1-P1-F5 90.8 (2) C52A-Fe1A-C11A 126.2 (3) F6-P1-F5 89.9 (2) C53A-Fe1A-C11A 160.1 (3) F2-P1-F5 89.4 (2) C54A-Fe1A-C11A 159.2 (3) F1-P1-F3 89.8 (2) C13A-Fe1A-C11A 69.1 (2) F6-P1-F3 89.4 (2) C12A-Fe1A-C11A 40.9 (2) F2-P1-F3 90.8 (2) C15A-Fe1A-C11A 41.0 (2) F5-P1-F3 179.3 (2) C55A-Fe1A-C11A 124.7 (2) F1-P1-F4 89.9 (2) C51A-Fe1A-C11A 110.9 (2) F6-P1-F4 89.95 (19) F3B-P1A-F1A 122.8 (11) F2-P1-F4 179.6 (2) F3B-P1A-F4A 100.6 (11) F5-P1-F4 90.26 (19) F1A-P1A-F4A 95.8 (10) F3-P1-F4 89.5 (2) F3B-P1A-F6B 97.1 (9) C54-Fe1-C12 120.3 (2) F1A-P1A-F6B 138.3 (10) C54-Fe1-C13 102.3 (2) F4A-P1A-F6B 62.4 (11) C12-Fe1-C13 40.7 (2) F3B-P1A-F2B 98.4 (12) C54-Fe1-C55 40.7 (2) F1A-P1A-F2B 89.9 (11) C12-Fe1-C55 105.7 (2) F4A-P1A-F2B 152.9 (12) C13-Fe1-C55 117.5 (2) F6B-P1A-F2B 96.4 (10) C54-Fe1-C53 40.9 (2) F3B-P1A-F3A 34.4 (9) C12-Fe1-C53 157.1 (2) F1A-P1A-F3A 92.0 (8) C13-Fe1-C53 120.7 (2) F4A-P1A-F3A 90.0 (7) C55-Fe1-C53 68.4 (2) F6B-P1A-F3A 120.9 (8) C54-Fe1-C14 117.6 (2) F2B-P1A-F3A 116.3 (13) C12-Fe1-C14 67.9 (2) F3B-P1A-F5A 136.9 (11) C13-Fe1-C14 40.2 (2) F1A-P1A-F5A 94.7 (8) C55-Fe1-C14 152.4 (2) F4A-P1A-F5A 95.4 (7) C53-Fe1-C14 106.5 (2) F6B-P1A-F5A 56.3 (8) C54-Fe1-C52 68.4 (2) F2B-P1A-F5A 57.7 (11) C12-Fe1-C52 159.9 (2) F3A-P1A-F5A 171.0 (7) C13-Fe1-C52 159.3 (2) F3B-P1A-F1B 94.5 (10) C55-Fe1-C52 68.1 (2) F1A-P1A-F1B 29.1 (8) C53-Fe1-C52 40.4 (2) F4A-P1A-F1B 110.1 (11) C14-Fe1-C52 126.5 (2) F6B-P1A-F1B 167.1 (10) C54-Fe1-C51 68.1 (2) F2B-P1A-F1B 87.3 (9) C12-Fe1-C51 123.2 (2) F3A-P1A-F1B 67.5 (8) C13-Fe1-C51 155.3 (2) F5A-P1A-F1B 117.0 (9) C55-Fe1-C51 40.6 (2) F3B-P1A-F4B 89.9 (10) C53-Fe1-C51 67.6 (2) F1A-P1A-F4B 82.7 (11) C14-Fe1-C51 164.5 (2) F4A-P1A-F4B 25.1 (10) C52-Fe1-C51 39.9 (2) F6B-P1A-F4B 86.0 (10)
